encapsulation ͉ template ͉ transition metal ͉ triple helix S ince the first reports of the binding of metal ions in the cavities of aza molecular cages (1, 2), the metal complexation chemistry of such systems has received continuing attention (3-9). Such 3D cages will normally result in enhanced steric and electronic restraints on the bound metal ion relative to related 2D macrocyclic systems (the ''cryptate effect'') (10, 11), with unusual spectral, photoactive, and electrochemical properties also often resulting.
S
ince the first reports of the binding of metal ions in the cavities of aza molecular cages (1, 2) , the metal complexation chemistry of such systems has received continuing attention (3) (4) (5) (6) (7) (8) (9) . Such 3D cages will normally result in enhanced steric and electronic restraints on the bound metal ion relative to related 2D macrocyclic systems (the ''cryptate effect'') (10, 11) , with unusual spectral, photoactive, and electrochemical properties also often resulting.
We have previously reported the synthesis of new cages that include 1 (12, 13) (Scheme 1) and 2 (14, 15) (Scheme 2) by means of stepwise procedures based on functional group interconversions from corresponding dialdehyde precursors. A CoreyPauling-Koltun model of 2 in its exo-exo configuration indicated that it has a ''slot-like'' cavity. Recrystallization of this cage from benzene yielded the corresponding host-guest product in which a benzene molecule is symmetrically incorporated in the cage's cavity, aligned normal to the long axis (14) . An additional feature of these cage structures is that the position of each set of three benzo rings results in there being a strong tendency for the corresponding bridgehead caps to adopt a chiral ''three-bladed propeller'' arrangement about each long axis.
In previous studies 2,2-bipyridyl groups have been successfully incorporated in the structures of new cage species; the complexation behavior of such species toward a variety of metal ions and other guest species has been investigated (16) (17) (18) (19) (20) (21) . In a recent communication we (22) reported the successful expansion of the size of the cavity in 2 by replacement of each of the 2,6-pyridyl groups with 5,5Ј-substituted 2,2Ј-bipyridyl moieties to yield the extended cage 3 [R ϭ tertiary butyl (t-Bu)] (Scheme 3). Semiempirical (pm3) calculations indicated that 3 (R ϭ H) in its exo-exo configuration should readily accept a divalent octahedral metal ion such that the latter induces a triple helical twist about the (long) cage axis; comparison of Corey-Pauling-Koltun models indicated that 3 (R ϭ t-Bu) will almost certainly exhibit similar behavior. In both cases metal-ion-induced helicity is expected to be aided by the presence of the six salicycl-derived fragments adjacent to the nitrogen bridgeheads (see below). Indeed the x-ray structure of the nickel(II) complex of 3 (R ϭ t-Bu) confirmed that the presence of this central metal results in a triple-helical twist of the cage and that the twist extends Ϸ22 Å along its axial length. The cage is present in its exo-exo configuration, with the nickel bound to the six pyridyl nitrogens to yield an octahedral coordination geometry. The x-ray structure of metal-free 3 (R ϭ t-Bu) was also obtained (22) . In this case the cage adopts a ''loose'' helical arrangement in the solid state. Nevertheless, a solution NMR study in CDCl 3 and semiempirical [pm3] calculations both indicate that it is conformationally flexible. The above results are in accord with the original postulate that 3 (R ϭ t-Bu) is expected to form metal complexes with octahedral metal ions that exhibit extended triple-helical structures. Whereas 3 (R ϭ t-Bu) was initially synthesized in very low overall yield {Ͻ2% from 5,5-bis[(2-formyl-4Ј-tertbutylphenoxy)methyl]-2,2Ј-bipyridine (4; R ϭ t-Bu) (Scheme 4) by a ''multistep'' procedure}, the yield was subsequently in-creased to 11% by using a ''one pot'' reductive amination procedure in which three equivalents of the dialdehyde were reacted with excess ammonium acetate and sodium cyanoborohydride. The ammonium ion ultimately forms the bridgehead nitrogens of 3 (R ϭ t-Bu) via three (sequential) imine condensation͞reduction steps (22) . An additional modification, in which nickel ion was added to the above reaction mixture to act as a metal template, yielded the corresponding nickel(II) complex of 3 (R ϭ t-Bu) in 75% yield.
We now report the results of a comparative investigation of the interaction of manganese(II), iron(II), cobalt(II), and copper(II) with 3 (R ϭ t-Bu) and iron(II) with 3 (R ϭ H); the results are also compared with those obtained in our previous study involving the interaction of nickel(II) with these ligands (22) .
Results and Discussion
Cage Synthesis. The free cage 3 (R ϭ H or t-Bu) was synthesized by using two methods. The first involved the reductive amination of dialdehyde 4 (R ϭ H or t-Bu) in a one-pot procedure of the type mentioned earlier; this procedure involved the dropwise addition of the dialdehyde into a solution of ammonium acetate and sodium cyanoborohydride. Alternatively 3 (R ϭ t-Bu) was obtained by demetallation of the corresponding iron(II), cobalt(II), and nickel(II) complexes of 3 (R ϭ t-Bu) prepared by the method outlined below. In this latter procedure, metal removal involved refluxing the respective complex in methanol with sodium sulfide for 3 h.
Synthesis of Cage Complexes. The synthesis of selected metal complexes of 3 (R ϭ H or t-Bu) was performed by using both direct synthesis from the preformed cage and an in situ metal-ion template directed route. The following solid complexes were isolated and characterized:
With the exception of the cobalt(II) complex, solid-state x-ray diffraction structures of each of these complexes were successfully determined (see below). The manganese(II) and copper(II) complexes each were obtained by the direct interaction of 3 (R ϭ t-Bu) with the corresponding metal nitrate in acetonitrile. The crude product was in each case then converted to its hexafluorophosphate salt and recrystallized from an acetonitrile͞ether mixture.
In contrast to the direct synthetic procedures from the preformed cage used for the above complexes, [CoL](PF 6 ) 2 ⅐2-CH3CN⅐5H 2 O was obtained in 72% yield from an in situ (metal template) reductive amination procedure of the type mentioned above, with the procedure being similar to that used previously for obtaining [NiL](PF 6 ) 2 (22) . In the cobalt complex case, cobalt(II) nitrate tetrahydrate was reacted with three equivalents of dialdehyde 4 (R ϭ t-Bu) in hot acetonitrile, and the resulting solution was added dropwise to a warm acetonitrile solution containing excess ammonium acetate and sodium cyanoborohydride. The crude product was converted to its hexafluorophosphate salt before recrystallization from acetonitrile͞ ether.
A related in situ procedure was also used to obtain [FeL](PF 6 ) 2 ⅐3H 2 O (L ϭ 3, R ϭ t-Bu) but in this case two distinct steps were involved. In the first the deep red Tris-ligand complex of dialdehyde 4 (R ϭ t-Bu) was isolated. This solid product was dissolved in warm acetonitrile, and the solution was then added slowly to excess ammonium acetate͞sodium cyanoborohydride solution in a similar manner to that used for the cobalt system. The product was obtained in 70% yield. An identical procedure, involving the initial isolation of [FeL 3 ](PF 6 ) 2 (L ϭ 4, R ϭ H), yielded the corresponding non-tert-butylated cage derivative, [FeL] (ClO 4 ) 2 (L ϭ 3, R ϭ H), in virtually quantitative yield.
The 1 H NMR spectrum of 3 (R ϭ t-Bu) at 298 and 318 K shows two singlets in the aliphatic region, one attributable to the -CH 2 N-group at ␦ 3.80, the other caused by the -CH 2 O-group at ␦ 5.02 in accord with the individual protons of each pair being equivalent, presumably reflecting the ability of 3 (R ϭ t-Bu) to interchange between conformations via twisting about its N-N axis. In contrast, the 1 H NMR spectrum of the low-spin dialdehyde precusor complex [FeL 3 ](PF 6 ) 2 (L ϭ 4, R ϭ t-Bu) at 298 K in CDCl 3 shows nonequivalence of the methylene protons adjacent to the bipyridyl groups, giving rise to an AB system consistent with the presence of restricted rotation about the Ar-CH 2 -O-bonds. Also contrasting with the 1 H spectrum of free 6 at both 300 and 320 K shows that the individual protons of both methylene groups (CH 2 O and CH 2 N) are nonequivalent; again each group appears as an AB system. Clearly the conformation of the bound ligand in this complex cation remains fixed in acetone-d 6 over the 20°C temperature range.
EPR and Electrochemical Studies. The EPR spectrum of [MnL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) at 4 K (see Fig. 5a , which is published as supporting information on the PNAS web site) is in accord with the manganese(II) ion being in a symmetrical octahedral environment; namely, the spectrum is representative of an isotropic manganese(II) ion. There are several possible transitions for a d 5 arrangement but the one least dependent on angle is the Ϫ1͞2 to ϩ1͞2 transition. This transition is split 6-fold because of the coupling of the 55 Mn nucleus (I ϭ 5͞2). A g iso of 2.035 and an A iso hyperfine value of 64G were determined.
The EPR spectrum for [CoL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) (see Fig.  5b ) suggests that at 4 K an equilibrium exists between high-spin (quartet) and low-spin (doublet) states. However, the room temperature magnetic moment () of the solid complex at 27°C is 4.62(12) B , indicating the presence of high-spin cobalt(II) at ambient temperature.
The EPR spectrum of [CuL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) at 4 K (see Fig. 5c ) at 4 K shows a typical (23-25) Jahn-Teller distorted (tetragonally elongated) axial d 9 spectrum with g ʈ ϭ 2.277, g Ќ ϭ 2.069, and hyperfine splitting A ʈ of 156 G, consistent with a ground state in which the unpaired electron resides in the d x2-y2 orbital. Hyperfine nitrogen splitting was not observed for each of the above complexes, a not unexpected result for systems of this nature.
Cyclic voltammograms at several scan rates for [FeL] 2ϩ (L ϭ 3, R ϭ H) in acetonitrile were measured (see Fig. 6 , which is published as supporting information on the PNAS web site). A quasi-reversible [FeL] 
2ϩ (L ϭ 3, R ϭ H) oxidation wave is present at Ϸ1,105 mV (at 50 mV⅐s Ϫ1 ) and 1,140 mV (at 700 mV⅐s Ϫ1 ), and a second peak is also present at Ϸ100 mV less positive. The shape of the latter peak suggests it reflects an adsorption process at the electrode; this peak disappears at scan rates Ͼ850 mV⅐s Ϫ1 . The cyclic voltammetric study of the analogous t-Bu-substituted complex [FeL] 2ϩ (L ϭ 3, R ϭ t-Bu) at a scan rate of 100 mV⅐s Ϫ1 (and faster) showed a quasi-reversible
2ϩ (L ϭ 3, R ϭ t-Bu) couple at Ϸ1,190 mV (see Fig. 7 , which is published as supporting information on the PNAS web site). For this system a second wave at a similar position to that observed for [FeL] 2ϩ (L ϭ 3, R ϭ H) was observed only when the scan rate was reduced to 10 mV⅐s Ϫ1 .
Cyclic voltammetr y of the related noncage system [Fe(dmb 3 2ϩ (L ϭ 3, R ϭ t-Bu) couple and is independent of scan rate (see Fig. 8 , which is published as supporting information on the PNAS web site). The secondary wave observed in the cyclic voltammograms of [FeL] 2ϩ (L ϭ 3, R ϭ H) and [FeL] 2ϩ (L ϭ 3, R ϭ t-Bu) at slower scan rates was not observed for this system. The reversibility of the oxidation͞ reduction curve for the noncage complex, [Fe(dmb 3 )] 2ϩ , compared with that of the cage complexes probably reflects a reduced facility for the latter to readily accommodate the changed radius of the metal ion in its new oxidation state. In this context, the redox process in the latter case might, for example, be associated with a slow ligand conformational change coupled to a spin state change.
The
2ϩ (L ϭ 3, R ϭ t-Bu) oxidation wave. During a bulk electrolysis experiment in which a small amount of [NiL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) was dissolved in a 0.1 mol⅐dm Ϫ3 solution of Bu 4 NClO 4 in dry acetonitrile and the mixture was subjected to a potential of 2.10 V for 1 h, no change in the UV-visible spectrum of the solution occurred. Furthermore, an EPR spectrum of a sample solution from the electrolysis cell at 4 K indicated that no nickel(III) was present. However, during the electrolysis a vivid purple color appeared in the solution at the counter electrode. A subsequent EPR spectrum of this solution indicated the existence of a ligand-centered radical species. These observations are in accord with [NiL] 3ϩ (L ϭ 3, R ϭ t-Bu) being a strong oxidant.
X-Ray and Computational
Studies. An initial semiempirical (pm3) computational study of 3 (R ϭ H) for the gas phase indicated that the bridgehead nitrogen lone pairs in this cage might be oriented either exo-exo or endo-endo, with little difference in the heats of formation between these two configurations (22) . In view of this similarity, it was of interest to investigate which of these arrangements occurs in the solid-state structures of the respective metal complexes of 3 (R ϭ H or t-Bu). In our previous study the exo-exo arrangement was found for metal-free 3 (R ϭ t-Bu) and, as mentioned already, it is also present in the corresponding nickel(II) complex of this ligand.
X-ray crystal structures of R ϭ t-Bu) structure. The structures of these complexes are in accord with the extended triple-helical arrangement predicted from the modeling studies (22); a space-filling depiction of the x-ray structure of the copper complex illustrating the helical twist is shown in Fig. 3 . Notably, in each of these structures, an exo-exo terminal cap configuration is adopted. As mentioned previously, the analogous hexabenzo cages of types 1 and 2 (13) also appear to show a strong tendency for adopting an exo-exo disposition of their terminal bridgehead nitrogens.
Both the nickel and copper structures are associated with two crystallographically independent complexes, each located on a 3-fold axis and having opposing helical twists. In contrast, there is only one complex in the asymmetric unit of the [FeL](ClO 4 ) 2 (L ϭ 3, R ϭ H) structure, and it is not located on a symmetry site. The two independent complex molecules of opposite handedness observed for each of the nickel and copper structures may be regarded as defining a dimeric unit, with the bipyridyl strand of one molecule nestling into the ''groove'' formed by two strands of its neighbor. The metal ion coordination is pseudooctahedral in all three metal complexes. The two crystallographically unique copper-to-nitrogen (coordinating) distances of one complex of type [CuL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) are statistically identical at 2.137(3) and 2.138(3) Å and yet differ in the second complex being 2.152(2) and 2.142(2) Å, respectively.
The crystal structure of the above copper complex provides no evidence for the anticipated tetragonal distortion, whereas, as mentioned earlier, the 4-K EPR spectrum of this complex shows a classic d 9 Jahn-Teller distorted patten, with anisotropic g values, which are similar to those reported for a range of tetragonally distorted complexes. Similarly, the coordination bond lengths in the crystal structure of the reference complex [Cu(dmb) 3 ](PF 6 ) 2 are also essentially identical (see Table 2 , which is published as supporting information on the PNAS web site). The apparent absence of Jahn-Teller bond length distortions in other copper(II) complexes has been reported (ref. 28 and references therein). Thus, based on the results of x-ray (29-33) or neutron (34) diffraction studies, other copper(II) systems with 3-fold symmetry axes have appeared to have apparently equivalent (or partially averaged) (24) coordination bond lengths. However, in most cases this equivalence has been attributed to underlying static disorder about the 3-fold axis masking the existence of Jahn-Teller-driven tetragonal distortion or alternatively to result from a dynamic Jahn-Teller situation (35) where there is rapid interchange between the long and short coordination bonds in the tetragonally distorted complex. In any case, as occurs in the present study, the above apparent absence of a Jahn-Teller effect is contradicted by ESR evidence in a number of instances.
The displacement ellipsoids of the metal ion and donor atoms in [CuL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) are unremarkable, and hence give little evidence for underlying disorder. Intriguingly, refinement of the [CuL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) structure in the symmetry free space group P1 resulted in statistically significantly different coordination bonds lengths; however, this finding may be no more than an artifact of parameter correlation in the least-squares refinement. Perhaps there is dynamic disorder driven by the Jahn-Teller distortion in the present system, but there is no indication of its occurrence from the x-ray study.
The helical pitch of the ligand strands in 1-39.7° ). Clearly the exo-exo configuration does not constrain the coordination of the bipyridyl moieties in these cage complexes; thus it appears that whether it be nickel(II) or copper(II) the nature of the bound metal exerts little influence on the cage helicity or the disposition of the respective apical bridgeheads in this set of exo-exo complexes. The distance between the metal ion and the apical nitrogen atoms for each of the above complexes of 3 (R ϭ t-Bu) is asymmetrical, presumably a manifestation of local packing interactions. Further, the separation between the t-butyl residues is greater at one end of each complex than at the other end (Table 1) . One complex is ''longer'' than its partner, with the difference in the distance between the terminal bridgehead nitrogens of the two crystallographically independent molecules being 0.88 Å for the nickel(II) species and 0.84 Å for the copper(II) species. The separation between the respective metals and the corresponding ''capping'' nitrogens precludes any significant interaction between these centers in each complex.
The crystal structures of [FeL] (Fig. 4 and Table 2 ) are isostructural and, unlike the nickel and copper structures just discussed, exhibit endo-endo terminal nitrogen configurations. Further, there are no intermolecular groove interactions present, and the ligand molecule is symmetrically disposed about the central metal ion in each complex. In each case, the metal resides at the perpendicular intersection of a 3-fold axis, defining the molecule's principal axis, and a 2-fold axis. All six MON bonds are thus identical, and the apical nitrogen atoms are equi-distant from the respective metal centers.
A consequence of the conformational differences between the endo-endo and the exo-exo apical bridgehead dispositions in the respective sets of complexes is that the terminal t-Bu groups are further apart in the endo-endo structures than in the exo-exo structures. Perhaps surprisingly, the distance between the terminal bridgehead nitrogens in the endo-endo structures is longer than the corresponding distance in the exo-exo structures (Table  2) . Likewise, the metal ions in the endo-endo species are further from the apical nitrogens than occurs in the exo-exo complexes. Such ''stretching'' of the complexes is reflected in the angles between the principal axis of each cage complex and the principal axis of its bipyridyl moieties, which are markedly smaller in the endo-endo structures than in the exo-exo species (Table 1) (Table 2 and Figs. 9 and 10, which are published as supporting information on the PNAS web site). That is, the orientation of the terminal bridgehead nitrogens markedly affects the helical pitch of the ligand strands in the cage complexes. Nevertheless, as mentioned already, the two configurations are essentially energetically equivalent and it may be crystal-packing influences, and hence the crystal growth process, that determines which configuration is isolated in the solid state.
In the above context it is noted that the synthetic route used does not appear to determine the orientation of the terminal bridgehead nitrogens.
were obtained by using the in situ procedure, whereas [CuL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) (exo-exo) and [MnL](PF 6 ) 2 (L ϭ 3, R ϭ t-Bu) (endo-endo) were prepared by the reaction of the appropriate metal salt with the free cage. Full details of data collection and structure refinement for all complexes are included in Supporting Text, which is published as supporting information on the PNAS web site.
Concluding Remarks
In its exo-exo configuration, 3 (R ϭ t-Bu or H) is predisposed to form an extended triple helix on coordination to an octahedral metal ion. Clearly it is the tendency of the capping groups to twist into a propeller-like configuration (left-or right-handed) coupled with the chiral octahedral geometry adopted by the central metal on coordination to the three bipyridyl residues that promotes the helical twist along the length of individual complex cations. Thus the x-ray structures of [NiL] 2ϩ and [CuL] 2ϩ (L ϭ 3, R ϭ t-Bu) confirmed that the central metal ion promotes a triple-helical twist that extends Ϸ22 Å along the axial length of each complex. This behavior is unusual relative to other extended helical metallo-structures reported previously (36, 37) in which multiple metal-ion coordination is required to induce helicity along the length of the respective systems. [Fe(L)3](PF6)2⅐3H2O (L ‫؍‬ 4; R ‫؍‬ t-Bu). Iron(II) chloride tetrahydrate (0.25 g, 1.26 mmol) was dissolved in acetonitrile (100 cm 3 ). Dialdehyde 4 (2.03 g, 3.78 mmol) was added, and the red mixture was stirred at reflux for 20 min. The solvent was removed, and the deep-red solid was partitioned between aqueous potassium hexafluorophosphate (saturated, 50 cm 3 ) and dichloromethane (100 cm 3 ). The organic fraction was washed twice with water (50 cm 3 ), dried over anhydrous sodium sulfate, and evaporated to dryness on a rotary evaporator to give the crude product. This material was recrystallized from dichloromethane͞ether to afford [Fe(L) 3 ](PF 6 ) 2 (L ϭ 4; R ϭ t-Bu) as a deep red powder (2.12 [MnL](PF6)2⅐2H2O (L ‫؍‬ 3, R ‫؍‬ t-Bu). Manganese(II) nitrate hexahydrate (0.0186 g, 0.0648 mmol) and 3 (R ϭ t-Bu) (0.1001 g, 0.0647 mmol) were dissolved in acetonitrile (100 cm 3 ), and the solution was stirred at reflux for 3 h. The solvent was removed on a rotary evaporator, and the resulting pink solid was partitioned between dichloromethane and saturated KPF 6 solution. The organic phase was washed three times with water, dried over anhydrous sodium sulfate, and evaporated to dryness on a rotary evaporator to give a pink solid. This solid was recrystallized from acetonitrile͞ether to yield [ [CuL](PF6)2⅐3H2O (L ‫؍‬ 3, R ‫؍‬ t-Bu). In a similar manner to that described above, copper(II) nitrate trihydrate (0.0200 g, 0.0828 mmol) and 3 (R ϭ t-Bu) (0.1281 g, 0.0828 mmol) in acetonitrile (100 cm 3 3 ) was added dropwise over 3 h to a vigorously stirred solution of ammonium acetate (0.18 g, 2.5 mmol) and sodium cyanoborohydride (0.15 g, 2.5 mmol) in acetonitrile (500 cm 3 ) at 50°C. The reaction mixture was maintained at 50°C for another hour, and the solvent was removed on a rotary evaporator. The deep-red solid obtained was dissolved in dichloromethane and washed with aqueous saturated potassium hexafluorophosphate. The organic phase was washed twice with water and dried over anhydrous sodium sulfate, and the solvent was removed to yield a deep-red solid. This material was dissolved in a minimum of chloroform and chromatographed on a silica gel column. Fractions corresponding to the main band (second band) were combined, and the solvent was removed. The resulting solid was purified by using the following procedure: the compound was dissolved in acetonitrile (5 cm 
Materials and Methods

Additional Experimental Details
All reagents and solvents were the highest grade available commercially and were used without further purification. The multistep synthesis and characterization of 3 has been described (1).
UV/visible absorbance spectra were measured on a Varian, Cary 5E UV-Vis-NIR spectrophotometer. NMR spectra were acquired on a Bruker (Billerica, MA) AC-200 or a Bruker DPX400 spectrometer in CDCl 3 or acetone-d 6 . Electrospray mass spectra were obtained on a Finnigan (Bremen, Germany) LCQ-8 mass spectrometer. EPR spectra were recorded on a X-band Bruker EMX spectrometer at 4 K on each complex as a frozen acetonitrile glass. The spectra were processed by using WINEPR software. 
Synthetic Procedures
All reactions were carried out under an atmosphere of dry nitrogen.
5,5'-Dimethyl-2,2'-bipyridine was prepared as described (6) . For the compounds described below, positions on the bipyridine rings are designated as unprimed or single primed (e.g., 4,4') and positions on both of the benzenoid rings as double primed (e.g., 3'').
5,5'-Bis[(2''-formyl-4''-tert-butylphenoxy)methyl]-2,2'-bipyridine dihydrate (4; R =
t-Bu). Sodium hydroxide (1.58 g, 39.5 mmol) and tetrabutylammonium bromide (0.80 g, 1.9 mmol) in water (80 cm 3 ) were added to a solution of 5-tert-butylsalicylaldehyde (7) (6.90 g, 38.7 mmol) in toluene (30 cm 3 ). The resulting bright yellow mixture was stirred at and heated to reflux, and 5,5'-bis(bromomethyl)-2,2'-bipyridine (6) 
5,5'-Bis[(2''-formylphenoxy)methyl]-2,2'-bipyridine 0.33hydrate (4; R = H).
In a similar manner to that described above for 4 (R = t-Bu), salicylaldehyde yielded a cream solid that was recrystallized from dichloromethane/methanol to yield dialdehyde 4 (R = used for x-ray structure determination without further characterization.
Crystal Structure Determinations
Crystals of the respective cage and dmb complexes of type In a cold room at 5°C, crystals of the cage complexes were transferred to a mixture of mother liquor and Dupont Krytox GPL106 perfluoropolyalkylether or Exon Paratone-N.
Each crystal was attached to a mohair fiber glued to a short length of copper wire inserted in a copper pin, cooled with dry ice, and transferred to a Bruker SMART 1000 CCD diffractometer equipped with an Oxford Cryosystems Cryostream. Crystals of the dmb complexes were attached to thin glass fibers for room temperature data collections. In all cases data were collected with ω scans to 56°, using graphite monochromated MoKα (0.71073 Å) radiation from a sealed tube. The data integration and reduction were undertaken with SAINT and XPREP (8) , and subsequent computations were carried out with the WINGX (9) and XTAL(10) graphical user interfaces. A multiscan data correction determined with SADABS (11, 12) was applied to the data. In general the structures were solved by direct methods by using SIR97 (13) , and extended and refined with SHELXL-97 (14) . The [MnL](PF 6 ) 2 (L = 3, R = t-Bu) structure was solved by using DIRDIF94 (15) .
[CuL](PF 6 ) 2 (L = 3, R = t-Bu): The asymmetric unit contains two crystallographically independent complex molecules, each of which resides on a 3-fold rotation axis (2/3,1/3,z for complex molecule 1 and 1/3,2/3,z for complex molecule 2). The C(65) t-Bu residues exhibited orientational disorder and the associated sites were modeled with 50%
occupancies. The two hexafluorophosphate counterions per complex molecule were distributed over three sites in the asymmetric unit. The P(2) and P (3) ligand sites were modeled with isotropic displacement parameters, and the rest of the nonhydrogen atoms were modeled with anisotropic displacement parameters. In contrast to its nickel counterpart, which was found to be twinned by (y, x, -z) (1), there was no evidence for merohedral twinning. Potential (mV)
Crystal Data
